ABSTRACT. An assessment of pulsatile secretion of luteinizing hormone (LH), measured by both immunoassay (I-LH) and rat interstitial cell testosterone production bioassay (B-LH), as well as of folicle-stimulating hormone and glycoprotein hormone a-subunit was carried out in seven normal prepubertal and six normal premenarcheal pubertal girls. Samples were obtained at 20-min intervals for a 6-h period. The hormone secretion profiles were analyzed by several computerized methods yielding pulse frequency and amplitude, interpulse basal levels, and percentage increments, with bio/immuno ratios calculated for peak and basal concentrations. In these prepubertal girls, mean B-LH levels were 12% of I-LH, with B/I ratio of 0.13; 30% of samples were below assay sensitivity (0.10 mIU/ml) for B-LH, but all I-LH (1.25 mIU/ml) were detectable. In the pubertal group, B-LH levels were 30% of I-LH, with mean B/I ratio of 0.24 and undetectable B-LH in 29% of samples. Pulsatile secretion in prepubertal girls was found in five of seven (11150 min) for B-LH and six of seven (11212 min) for I-LH; only two of six pubertal girls had detectable pulses. Discordance of B-and I-LH pulses were frequent, with 56% of B-LH pulses lacking an I-LH pulse and 47% of I-LH pulses not having a B-LH pulse. These data demonstrate that 1) both B-and I-LH are secreted episodically in prepubertal girls; 2) I-LH-like material is present in higher concentrations than B-LH in these girls; and 3) substantial discordance of B-and I-LH pulses exist. Such findings lend further support for molecular heterogeneity of pituitary gonadotropins during the pubertal process and suggest that changes of biopotency may be important functional regulators of the early pubertal process. (Pediatr Res 21: 409-413, 1987) Abbreviations LH, luteinizing hormone FSH, follicle-stimulating hormone RIA, radioimmunoassay(s) B-LH, bioactive luteinizing hormone I-LH, immunoreactive luteinizing hormone GnRH, gonadotropin-releasing hormone the onset of puberty is an increase in the frequency, as well as amplitude, of GnRH pulses from the hypothalamus which is translated into gonadotropin secretory pulses from the pituitary. Increased LH pulse frequency and amplitude, as measured by I-LH have been demonstrated in early pubertal children (1-4). In addition, the mean I-LH levels have been shown to rise with advancement of puberty in both cross-sectional and longitudinal studies ( 5 , 6).
LH, luteinizing hormone FSH, follicle-stimulating hormone RIA, radioimmunoassay(s) B-LH, bioactive luteinizing hormone I-LH, immunoreactive luteinizing hormone GnRH, gonadotropin-releasing hormone the onset of puberty is an increase in the frequency, as well as amplitude, of GnRH pulses from the hypothalamus which is translated into gonadotropin secretory pulses from the pituitary. Increased LH pulse frequency and amplitude, as measured by I-LH have been demonstrated in early pubertal children (1) (2) (3) (4) . In addition, the mean I-LH levels have been shown to rise with advancement of puberty in both cross-sectional and longitudinal studies ( 5 , 6) .
Pituitary gonadotropins are known to be heterogeneous. Therefore, in addition to changes in the quantity of gonadotropins, as measured by immunoassays, the quality of gonadotropins as measured by in vitro bioassays and on isoelectric focusing have been shown to change (7) (8) (9) (10) . In general the B-LH levels in serum have exceeded those of I-LH in both cross-sectional (I I ) and longitudinal studies during puberty in both boys and girls (12) . In mature men and women the B/I ratio of LH is increased during endogenous LH pulses and there exists an overall concordance between the B-LH and I-LH pulses in excess of 80% (7, 8) .
In this study we examined and compared the LH pulse characteristics in normal prepubertal and pubertal girls. In particular, we wished to establish whether 1) B-LH was secreted in episodic pulses that exceeded the amplitude of I-LH pulses thereby making detection more accurate and 2) the B-and I-LH was secreted synchronously.
MATERIALS AND METHODS
Subjects. Seven healthy, normal prepubertal girls and six premenarcheal pubertal girls were recruited. The prepubertal girls were Tanner breast stage 1 and had a mean age of 8.6 f 0.2 (SEM) yr. The premenarcheal girls had either Tanner breast stage I1 (n = 4) and were 10.7 + 0.8 yr old or Tanner breast stage III/ IV and were 12.0 f 3.8 yr old. All had normal developmental and health histories, physical examinations, and were not taking medications.
The study had been approved by the Human Subjects Committee of Baystate Medical Center and details were explained to the children and their parents. The volunteers and their parents signed an informed consent form before participation in the study.
study protocol. All of the girls had an intravenous needle placed in a forearm vein 30 min before the sampling was started. Subjects were resting comfortably and did not appear anxious or The mechanisms responsible for the initiation and tempo of distressed. Blood samples were collected every 20 min for a total puberty remain elusive. It is currently believed that central to of 360 min. The sera were separated and kept at -20" C until assayed.
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All of the samples from each subject were included in one assay. Integratcd serum pools from the whole study were used for the measurement of serum E2 and estrone sulfate by means of sensitive and specific RIA (14) . The assay for serum I-LH was a double antibody RIA utilizing iodinated LER960 and IRP-2 hMG (Second International Reference Preparation of Human Menopausal Gonadotropin) as the reference standard. The same standard was used for the estimation of serum I-FSH and B-LH. The respective sensitivities of the I-LH and B-LH assays were 1.25 and 0.1 mIU/ml, respectively. The a-subunit was measured by means of a specific RIA which had a sensitivity of 37 pg/ml using LER 1793 for assay standard and LER 1946 for iodination material (1 3).
Stati.stica1 ana1yse.s. The serum LH secretion profiles were analyzed by several methods. We modified the program of Santen and Bardin (1 5) setting a threshold for minimum increase from nadir to peak of more than four times the pertinent individual intraassay coefficient of variation as the requirement for definition of a pulse. Such a criterion reduces the falsepositive rate to approximately 1 %. The intraassay coefficients of variation used for this analysis were: 8.1% for B-LH over the range of 2 to 8 mIU/ml, 16.3% over the range of 1 to 2.0 mIU/ ml, and 18.3% over the range of 0.1 to 1.0 mIU/ml; 9.7, 8.1, and 10.1% for the LH, FSH, and a-subunit immunoassays in the relevant range for the potency estimates made in sera from these girls.
The output from the Santen and Bardin (15) program also provides percentage increments of pulses (nadir-to-peak increases), integrated area under the gonadotropin curve over the sampling period, and the mean level for the entire sampling. Smoothed overall baseline concentrations to correct for presence of pulses were estimated by a weighted moving average across all the data series using a program of Merriam and Wachter (16) . The method of Clifton and Steiner (17) which performs iterative data scans to identify significant pulses exceeding a threshold value which undergoes continuing adjustment to avoid missing true pulses but minimizing the false influence of assay noise was also utilized. This latter analytic technique was used to check the modified methodology of Santen and Bardin (15) and demonstrated high concordance (approximately 85%) of pulse designation.
Pulse data are given as mean + SE. Comparisons between Iand B-LH values were analyzed by within-subject comparisons using a paired two-tailed Student's t test. I-and B-LH pulses were considered concordant whenever the pulses overlapped in time.
RESULTS
Subjects. The group of seven prepubertal girls have to be considered "late" prepubertal. In a previous study we characterized B-LH in 15 prepubertal girls who were 6.2 + 0.8 yr old with serum E2 levels of 3.9 f 0.4 pg/ml (I I). Although the present group of girls also had Tanner breast stage I on physical examination, they were older (mean of 8.6 yr) and had significantly higher serum E2 levels [7.7 f 0.1 (SE) pg/ml ( p < 0.001)]. Serum estrone sulfate levels were also higher (1 67 + 1 l versus 97 + pg/ ml) in the older group. (Tables  I and 2 . In the normal prepubertal girls (Table I) , mean serum concentration of B-LH was only 12% of I-LH; the integrated area under the time concentration curve showed a similar discrepancy. These findings yielded a mean B/I ratio of 0.13 + 0.03.
Mean and integrated concentrations of B-LII and I-LH
Thirty percent (38 of 126) of the samples were at or below the limit of assay sensitivity (0.10 mIU/ml) for B-LH, but all I-LH samples were detectable (> 1.25 mIU/ml).
In the small mixed group of pubertal girls (Table 2) , mean B-LH levels were approximately 30% of I-LH values. This was also reflected in the area under the curve, with a mean overall B/I ratio of 0.24 * 0.09. Twenty-nine percent (31 of 108) of the samples showed no detectable B-LH, while all I-LH samples were measurable.
Pulsatile secretion Q~B -L I I and I-LIZ. Quantitative analysis of pulse frequency of B-LH and I-LH is shown in Tables I and 2. In the prepubertal girls, pulses were detected in five of seven by bioassay and in six of seven by immunoassay studies. In these children in whom pulses were found, they occurred at a frequency of 2.416 h (once per 150 min) for B-LH and 1.716 h (once per 2 12 min) for I-LH. The increment during B-LH pulses was nearly %-fold, while the I-LH pulses rose by around 70%. Surprisingly, pulsatile secretion was detected in only two of the six pubertal girls (one Tanner 11, the other Tanner IV). In those children, the B-LH spikes occurred at a frequency of 316 .-.
. * % of B-LH peaks without a significant I-LH peak. t % of I-LH or B-LH peak with a significant a-subunit peak.
$ % of I-LH peaks without a significant B-LH peak.
h (once per 120 min), but I-LH occurred only once per 6 h. As in the younger girls, the incremental change per pulse was greater for B-than I-LH. When the interpulse basal level is examined, the B/I ratio (0.10 + 0.03) is significantly lower ( p < 0.007) than the overall mean B/I in the prepubertal girls. In the few pulses which were concordant, the mean B/I of 0.17 + 0.03 was greater, although not significantly ( p = 0.077), than in the interpulse phase. In the pubertal girls, with little evident pulsatile activity, the interpulse basal levels are similar to the mean levels of LH, and B/I ratios do not differ. Table 3 ; Fig. I ). When concordance of pulses measured by bioassay or immunoassay was assessed, substantive differences were noted. When significant B-LH pulses were detected, 56% lacked an associated I-LH pulse; conversely, 47% of I-LH did not have a simultaneous B-LH rise. Asynchrony was evident both in the prepubertal and pubertal groups.
Discordance qf B-LH and I-LI-I pu1se.s (
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Mean FSH levels (3.3 + 0.7 mIU/ml, IRP-2-hM6) in the seven prepubertal girls were significantly ( p < 0.006) lower than in the six pubertal girls (7.1 f 0.9). Significant pulses were demonstrable in four of seven prepubertal girls, occurring at a frequency of 216 h in those subjects; FSH pulses were found in three of six pubertal girls, occurring at a frequency of 1.316 h when found.
Glycoprotein a-subunit. Mean a-subunit levels (402 + 42 pgml)
in the prepubertal girls did not differ from the pubertal girls (504 f 1 16). The a-subunit data were analyzed using the same criteria as for B-and I-LH and FSH. There were very few significant a pulses (four in 13 six-h sampling periods) and only one of four occurred with a significant I-LH spike. The subunit measurements seem to provide a stable background of minimally fluctuating concentrations in children.
DISCUSSION
Research protocols regarding pubertal development have utilized gonadotropin RIA estimates. However, recent studies of hormone heterogeneity (19, 20) indicate that the regulation of the pubertal process is a much more complex phenomenon involving changes not only in a quantity of the gonadotropins released but also the degree of glycosylation and/or changes in the tertiary structure of the gonadotropin molecule (21) . The sugar residues not only influence the isoelectric point and receptor binding potential of the gonadotropin molecule but also protect the molecules from hepatic and renal uptake and enzymatic degradation thereby prolonging circulation time (22) . The relative proportions of the isohormones appear to regulate the B/I ratio of the gonadotropins and some biologically inert but immunologically detectable forms may in fact act as target cell inhibitors by inappropriate binding and occupation of receptor sites.
Previous studies of newborn girls revealed pulsatile B-LH release on day 7 of life, a period of relatively high hypothalamicpituitary-gonadal axis activity (23) . In this study, we have demonstrated the detectability of B-LH pulses during the prepubertal and pubertal period in healthy, normal girls. The B-LH pulse frequency and amplitude have been compared to I-LH-derived data and the congruity of B-LH and I-LH pulses has been determined.
In pubertal children as well as adults, discrete episodic bursts of I-LH have been recorded about once every 90 to 120 min, with increases in pulse frequency near midcycle in menstruating women and during sleep in pubertal children (7). We do not know whether these pubertal girls, who had fewer pulses than shown in earlier studies (I-4), responded somewhat differently to the experimental milieu. In addition, we would emphasize that very extended sampling sessions (not possible in the present study) may be required to demonstrate absolute differences in LH pulse frequency.
In prepubertal children, some but not all investigators have found secretory pulses of I-LH (1-4) . In a recent definitive study, Jackacki et al. (4) demonstrated that LH was secreted in a pulsatile manncr in prepubertal children, with lower amplitude than in more mature individuals. Frequency difference between younger and older subjects is less clear because concentrations of gonadotropins in youth are low and it is often difficult to consistently demonstrate episodic release for methodologic and statistical reasons. In these studies of daytime LH secretion, we found a pulse frequency of once/l50 min for B-LH and once per 212 min for I-LH. The I-LH levels are similar to those reported by Jackacki et al. (4) during nocturnal sampling in their prepubertal children with significant pulses occurring once every 164 min.
We have previously characterized B-LH secretion patterns in men, in cycling women during the different phases of the menstrual cycle, and in postmenopausal women (7, 8) . In those subjects, a total percentage discordance between B-LH and I-LH pulses was in the 20-30% range, with a predominance of the discordance occurring in the situation of a significant I-LH pulse without a B-LH rise (27 to 45%, greatest in the postmenopausal women). Only 12 to 14% of B-LH spikes occurred without an I-LH rise in more than 230 total pulses analyzed in the three studies in adults. Thus, asynchronous release of B-or I-LH is much lower than in the younger subjects in this report, with the exception of the postmenopausal women in whom nearly onehalf of I-LH pulses were not accompanied by a significant B-LH rise. In the prepubertal girls, 46% of total pulses showed discordance of B-and I-LH, with 50% having no immunoassayable LH when a bioactive spike was defined. Additionally, because of the very low potency estimates of B-LH in these girls, the B/I ratios during concordant pulses remained far below unity (0.17), in contrast to the ratios of 2 to 8 for the older subjects (1 1). It does not appear that the glycoprotein hormone a-subunit is secreted concordantly with I-LH so that it could artifically increase I-LH potency (by cross-reacting in the I-LH system), thereby lowering the B/I ratio of LH.
The fact that I-LH is clearly measurable before B-LH concentrations increase is further supported by longitudinal studies conducted in both boys and girls in Geneva (12) . In all cases, the I-LH was measurable about 1 yr before B-LH was detected, despite the extreme sensitivity of the bioassay system. However, the B-LH increase correlated well with physiologic signs of puberty, suggesting that the earlier I-LH-like material was biologically inert. Immunoreactive FSH and bioactive FSH concentrations during puberty show a similar relationship (24) . The meaning of these measurement differences are not known.
However, each determination, immunoassay or in vitro bioassay, could potentially be detecting different heterogeneous forms.
Burstein et al. (25) have evaluated the changes in B/I ratios of LH during puberty. They found that the slopes of I-LH measurements from the sera of young children differed from one person to the next. The RIA systems used are significantly influenced by the choice of the materials such as antibody, radiolabeled LH, and standard. A biological assay is by definition based on the comparison between the effect of an unknown preparation and the effect of the standard preparation on a living organism of surviving tissue (26) . Therefore, it is the sum of all inhibitory influences subtracted from all stimulatory influences within the serum. It is known that isoelectric focusing patterns of pituitary gonadotropins from rats (10) and humans (27) collected during different phases of pubertal development revealed gonadotropin heterogeneity with variable immuno-or biopotency. Similar isoelectric patterns from sera of children during puberty remain incomplete, yet it is conceivable that during puberty a greater proportion of acidic LH species with diminished biopotency in in vitro bioassays but prolonged circulation times is present. These forms may be important for organ growth and maturation, whereas those with increased in vitro biopotency and shorter circulation times may contribute to dynamic events such as ovulation. The changes in relative proportion of molecular species of gonadotropins presumably contribute to the regulation of pubertal gonadal maturation.
